INTRODUCTION
Immunofluorescent studies (1, 2) have shown the infiltrating lymphoid cells in the rheumatoid synovium factor (RF)' activity with an unexpectedly large number of synovial plasma cells staining for the IgG3 subclass and lambda light chain (3) . This increase in IgG3 subclass (3) stimulated the present investigation. Unusual increases in different IgG subclasses in immune diseases with identified antigens also stimulated study of IgG subclass production by the rheumatoid synovium. For example, in 15 of 15 patients with idiopathic thrombocytopenic purpura, the antiplatelet antibodies were of the IgG3 subclass (4) and in five of six patients with anti-Factor VIII antibodies, the IgG4 subclass predominated (5, 6) .
The amount of IgG made by cultured rheumatoid arthritis (RA) synovium is similar to that produced by human spleen and lymph nodes (7) . However, the RA synovial infiltrate does not respond to exogenous antigen (tetanus toxoid) given before surgery, even when patients are injected repeatedly (8) . The antigenic specificity of most of the immunoglobulin produced by the RA synovium is unknown. Part of this study used 14C-labeled IgG produced by cultured RA synovia to determine the proportion that was IgG-RF. The IgG3 subclass composition of the IgG in RA synovial culture supernatants was also measured and compared with the level of IgG3 in the serum of the same patients. Enrichment of RA Association (9) . Four lymph nodes and five tonsils, all obtained at the time of elective surgery in patients without RA, and one spleen obtained after an automobile accident from a patient with seronegative RA were also cultured in a similar manner.
Tissue incubation and supernatant fractionation. Washed synovial tissue, lymph node, tonsil, or spleen fragments were cultured as described previously (7), with the following modifications. The Eagle's medium (10) lacked amino acids, but contained 5% fetal calf serum. The pH was maintained at 7.2 with 0.03 M N-2-hydroxethyl-piperazine-N'-2-ethanesulfonic acid (Hepes). The medium contained 5 Mc/ml of a labeling mixture (ICN Chemical, Inc., Irvine, Calif.) containing 15 essential 14C-labeled amino acids (135-330 mCi/ mmol). The tissue was cultured in petri dishes in 95% air-5% CO2 at 370C for 18 h. After incubation, following centrifugation at 100,000 g, the amount of IgG in each culture supernatant was determined using radial immunodiffusion in Ultra Low Level IgG plates (Kallestad Laboratories, Chaska, Minn.) according to the method of Mancini et al. (11) . The first nine synovial tissue culture supernatants were processed using DEAE-cellulose chromatography (7) . The remaining 22 cultures were processed using an anti-human IgG immunoadsorbent prepared as described below.
Immunoadsorbent column for synovial IgG. Antiserum to human IgG was prepared in rabbits. Two Sepharose-4B columns, one containing human IgM-kappa, 15 mg/ml of gel, and the other pooled human IgG, 20 mg/ml of gel, were prepared (12) . The rabbit antiserum was passed through the IgM column and the eluate then absorbed on the IgG column that had been previously equilibrated with 1 M NaCl, 0.1 M sodium borate, pH 8.5. After washing to remove proteins not specifically bound (13) , the anti-IgG was eluted with 0.1 M glycine-HCI, pH 3.0, and neutralized with 0.5 M phosphate buffer, pH 7. This rabbit anti-IgG, shown to be specific for the IgG heavy chain, was attached to Sepharose-4B (12) with the following modifications. Only 40 mg of CNBr/ml of gel was used, and the coupling step was performed overnight in 0.1 M phosphate, pH 7.0, with 9.4 mg of rabbit antiIgG/ml of activated gel, then unreacted groups were blocked with 1 M ethanolamine in the NaCl-borate buffer. These anti-human IgG columns (0.9 X 2 cm) bound a maximum of 6.1 mg of IgG/ml of gel.
Isolation of culture supernatant IgG. Supernatants from the RA synovial, lymph node, tonsil, and spleen cultures were dialyzed against 0.1 M phosphate, pH 7.0, to remove most unincorporated radioactivity, then passed through the anti-IgG immunoadsorbent that had been previously equilibrated with the NaCl-borate buffer. After washing with the same buffer, the bound IgG was eluted in 1-ml fractions with 0.1 M glycine-HCl, pH 3.0, and neutralized with 0.3 ml of 0.5 M phosphate, pH 7.0. An aliquot of each fraction was counted in 6 ml of a scintillation mixture containing 500 ml of toluene, 6 .86 g PPO, 0.14 g dimethyl-POPOP and 500 ml Triton X-100.
Protein A fractionation of IgG from culture supernatant. IgG eluted from the DEAE-cellulose column or from the IgG-immunoabsorbent was then passed through a column of Sepharose 4B-Staphylococcal Protein A (14) (Pharmacia Fine Chemicals, Uppsala, Sweden) (0.9 X 3 cm) that had been equilibrated with 0.1 M phosphate buffer, pH 7.0. After washing, the bound IgG was eluted in 1-ml fractions with 0.1 M glycine-HCl, pH 3.0, and neutralized as above.
An aliquot of each fraction was then counted in the liquid scintillation counter.
Immune precipitation of the IgG from culture supernatant. To define the light chain and IgG3 subclass composition of the IgG in the culture supernatants, tube precipitations with the following antisera were performed: goat antisera against human IgG heavy chain, and both kappa and lambda light chains (Meloy Laboratories, Springfield, Va.), and rabbit antisera against human IgG3 subclass (Nordic Immunological Laboratories, Tilburg, Netherlands). These antisera were shown to be monospecific using immunoelectrophoresis against purified IgG myeloma proteins of known subclass type. All tube precipitations were done in antibody excess. Aliquots were added to a sufficient amount of the appropriate myeloma protein to give a total of 30 ug of IgG per tube, and 200 ,ug of specific antibody added. Antigen-antibody precipitates were washed twice with 0.9% NaCl, dissolved in 0.5 ml of 1.0 M NaOH, and counted in Dimilume-30 (Packard Instrument Co., Inc., Downers Grove, Ill.).
Slab-gel electrophoresis and isoelectric focusing. IgG fractions were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) using a modification of the method described by Tegtmeyer et al. (15) . Acrylamide stock solutions (5 and 20%) were deionized using 5 g of Bio-Rad-Ag 501-X8 resin per 100 ml stock solution (16) . The stacking and separation gels were prepared and electrophoresis was performed in a slab gel apparatus (BioRad Laboratories, Richmond, Calif.). After injecting each sample (1-20 ,l) under the borate buffer in the individual wells, the samples were stacked at 4 mA per slab gel for 45 min, and then run at 15 mA per slab gel for 3 h. The gels were acid-fixed, stained (17) , photographed, and vacuum dried (Bio-Rad model 224 Slab Gel Dryer). Isoelectric focusing was performed by the method of Marine Colloids, Inc., Rockland, Maine (18) .
Fluorography of 14C-labeled IgG. After SDS-PAGE, "Clabeled IgG was identified by fluorography (19) . The acidfixed gels were soaked in water for 30 min, then in average of 9.5% of the total soluble protein synthesized was IgG (Table I ). There was a considerable variation in specific radioactivity (counts per minute per milligram) of the isolated IgG, ranging from 10,000 to 392,000 cpm/mg with a mean of 90,000 cpm/mg. Before application to the immunoadsorbent, IgG in the culture supernatant was measured by radial immunodiffusion. There was a mean of 0 tained by the two separation procedures was justified, and these are shown in Table II Fig. 3a and 3c ), while the unbound fraction (Fig. 3e) (Fig. 1) .
Total IgG and IgG3 in normal and rheumatoid sera. Since the IgG synthesized by rheumatoid synovia, non-RA lymph nodes, and tonsils, and the rheumatoid spleen all demonstrated a significant increase in the IgG3 subclass over published normal serum IgG3 levels (21) it was important to show that this enrichment for IgG3 was not the result of an isolation artifact. Therefore, sera from normal subjects and rheumatoid patients were adsorbed on and eluted from an antiIgG column. The purified serum IgG was then chromatographed on the protein A column. In both RA patients and controls, an average of 12% of the protein absorbance at 280 nm did not bind to the protein A column, and is presumed to be IgG3 (Table IV) . Since the accepted levels of IgG3 in serum are 8 to 10% (21) , the anti-IgG immunoadsorption and protein A fractionation procedures used for synovial cultures did not significantly enrich for IgG3.
Confirmation of monoclonal restriction with isoelectric focusing. The increased level of IgG3 in some culture supernatants above the level, which could be easily explained by the known synthetic rate for this Serum IgG from seven RA patients whose synovium had also been cultured, and from three normal controls was isolated on the antiIgG immunoadsorbent, the IgG acid eluted and measured using absorbance at 280 nm. The isolated serum IgG was then rechromatographed on a protein A column and the percentage of IgG3 (unbound fraction) calculated. The synovial IgG3 was calculated based on 14C radioactivity as described in Fig. 4 .
Absence of significant amount of rheumatoid factor in synovial IgG. The '4C-labeled IgG from culture supernatants isolated on the immunoadsorbent was separated on Sephadex G-200 to establish the fraction that represented IgG-RF (Fig. 5) . Any IgG-RF present in the culture supernatant, because of its high selfassociation constant of 1010 as a dimer or a larger aggregate, and would be expected to migrate near the IgM protein marker. In contrast, non-RF IgG would comigrate with the IgG myeloma protein marker. When four culture supernatants (B. K., A. M., M. P., and L. J.) were fractionated on Sephadex G-200, an average of only 9% (range, 6 to 15%) of the "C-labeled IgG migrated near the IgM marker. Since this method does not differentiate between IgG-RF and other aggregated IgG, these data only set an upper limit for the IgG-RF in the RA synovial culture supernatants.
DISCUSSION
It is widely assumed that the antigen stimulating immunoglobulin synthesis by rheumatoid synovial lymphoid cells is IgG because of the IgM-RF and the IgG-RF in serum, and the staining of some synovial plasma cells by fluorescent, aggregated-IgG (1, 3, 23) . Previous studies from this laboratory have analyzed the IgG produced by RA synovial fragments for other specific antibody activity. Repeated intramuscular and/or intraarticular immunizations with tetanus toxoid given before surgery in RA patients failed to induce production of specific antibody by synovium removed and studied in tissue culture up to 21 d after the in vivo immunization, although brisk synthesis of anti-tetanus antibody occurred in peripheral blood lymphocytes from the same patients when studied simultaneously (8) . Thus, the day to day exogenous antigen contact of the RA patient does not influence the antibody specificity of the immunoglobulin produced by the synovial lymphoid infiltrate.
Because The use of DEAE-cellulose chromatography to obtain the IgG studied in the first nine synovial cultures introduced two potential artifacts: selection of the IgG3 subclass over the other IgG subclasses due to differences in isoelectric point (24) and a loss ranging as high as 50% of the total IgG from the culture supernatants because of incomplete recovery from the DEAE-cellulose column (25) . Uncertainty on the first point was resolved by using 125I-labeled myeloma proteins of the IgGj and IgG3 subclass and the demonstration that percentage recoveries from DEAE-cellulose of the two subclasses were the same. The greater total IgG recovery favored later use of the anti-IgG immmunoadsorbent, however. The large variation in the percentage of IgG represented by IgG3 from one culture supernatant to another may reflect differences in an individual patient's disease activity at the time of surgery. The patients providing the cultured synovial tissues are not typical of most patients with RA. They had severe synovitis, which had been resistant to several forms of medical therapy. It is possible that some aspect of the medical therapy, which included nonsteroidal antiinflammatory agents, prednisone, gold compounds, and D-penicillamine in some patients, but not in others, may have altered the local immune response in the cultured synovia. Although no clearcut relationship could be found that was related to therapy, it is known that steroids, gold and D-penicillamine all have definite and variable effects on serum immunoglobulin levels and the titer of RF. A retrospective review of the clinical status of the first nine patients revealed that all had unusually active synovitis at the time of surgery. This might explain the reason for the larger amount of IgG3-lambda isolated from the synovial cultures of eight of these nine patients when compared with many of the last 22 synovial cultures analyzed.
When levels of IgG3 in the serum obtained at the time of surgery in seven of the patients were measured, (Table IV (21) , in rheumatoid serum (26) , or in rheumatoid synovial fluid (26 (27, 28) . The 48% IgG3 of the total IgG produced by the cultured rheumatoid spleen is not surprising since a few patients with RA develop splenomegaly related to disease activity.
Another major objective of the study was to determine the percentage of synovial IgG that represented IgG-RF. In the four rheumatoid synovial cultures studied, <15% of the isolated 14C-labeled IgG showed selfassociation when chromatographed on Sephadex G-200, and thus qualified as potential IgG-RF. Although this is not consistent with the conclusions of Munthe and Natvig (3), their data showed that 40-70% of synovial plasma cells did not stain with aggregated IgG.
The finding of the enrichment for the IgG3 subclass and occasional monoclonal restriction in the IgG produced by RA synovial tissues in culture may be interpreted in at least two ways, with both applying to some synovia. Because the IgG3 subclass has a shorter halflife than the other IgG subclasses (28) , its increased level in culture supernatants may only reflect absence of the catabolic machinery that would be present in vivo. Tissues such as synovia with large numbers of macrophages may degrade newly synthesized IgG3 more rapidly than lymphoid tissues such as tonsil or lymph node. This might explain the smaller amount of IgG3 found in some synovial culture supernatants.
However, because of the presence of monoclonal restriction of the IgG in some synovial cultures, a second explanation, the stimulation of the synovial lymphocytic infiltrate by a homogeneous antigen that induces an immune response enriched with IgG3 subclass must be considered. The fascinating observation of Lindstrom (29) who showed not only an increase in lambda light chains, but also a limited electrophoretic mobility of the IgG eluted from some rheumatoid synovial tissues also supports a restricted local immune response in rheumatoid synovitis. The present data showing up to 97% of the synovial IgG as IgG3, the preliminary results showing monoclonal restriction of the IgG in some, but not all, of the synovial cultures (Fig. 4) , and the observation in some rheumatoid synovia of up to 75% of plasma cells staining for IgG3 (3) add support to the second explanation.
